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Clinical PerspectiveWhat Is New?This study aimed to define the relationship between the attainment of ideal cardiovascular health, as assessed by 6 health metrics (smoking, body mass index, total cholesterol, blood pressure, physical activity, and blood glucose) assessed at midlife to late life, with the prevalence and severity of aortic stenosis in late life.In \>6000 participants in the ARIC (Atherosclerosis Risk in Communities) Study, we assigned a unique cardiovascular health score to each participant at the 5 examination study visits over a 25‐year period.We found that consistent attainment of ideal cardiovascular health in adult life was associated with a lower prevalence and severity of aortic stenosis in late life.What Are the Clinical Implications?Our findings emphasize the importance of consistent attainment of ideal cardiovascular health through midlife to late life and suggest that primary prevention of calcific aortic valve disease could potentially be achieved through modification of cardiovascular health metrics.

Introduction {#jah32923-sec-0008}
============

Calcific aortic valve (AV) disease is the most common valvular lesion among people \>75 years of age, in whom the prevalence of aortic calcification has been reported to be 26%.[1](#jah32923-bib-0001){ref-type="ref"} Although aortic stenosis (AS) is robustly associated with adverse outcomes,[2](#jah32923-bib-0002){ref-type="ref"}, [3](#jah32923-bib-0003){ref-type="ref"} aortic sclerosis has also been associated with an increased risk of cardiovascular morbidity and mortality,[4](#jah32923-bib-0004){ref-type="ref"} and aortic sclerosis is a significant risk factor for progression to AS.[5](#jah32923-bib-0005){ref-type="ref"} More important, AV calcification and stenosis are associated with similar risk factors as atherosclerosis,[1](#jah32923-bib-0001){ref-type="ref"}, [6](#jah32923-bib-0006){ref-type="ref"}, [7](#jah32923-bib-0007){ref-type="ref"} and a wealth of data now point towards parallel active processes leading to AV dysfunction, including inflammation, lipid deposition, and calcification.[8](#jah32923-bib-0008){ref-type="ref"}

In 2010, the American Heart Association Strategic Planning Task Force and Statistics Committee defined the concept of ideal cardiovascular health as the attainment of 4 health behaviors (body mass index \<25 kg/m^2^, absent of smoking, physical activity, and healthy diet) and 3 health factors (untreated blood pressure \<120/\<80 mm Hg, fasting blood glucose \<100 mg/dL, and untreated total cholesterol \<200 mg/dL).[9](#jah32923-bib-0009){ref-type="ref"} Attainment of these ideal health metrics has been associated with lower incidence of cardiovascular disease, including coronary heart disease, myocardial infarction, heart failure,[10](#jah32923-bib-0010){ref-type="ref"}, [11](#jah32923-bib-0011){ref-type="ref"}, [12](#jah32923-bib-0012){ref-type="ref"}, [13](#jah32923-bib-0013){ref-type="ref"}, [14](#jah32923-bib-0014){ref-type="ref"} stroke,[15](#jah32923-bib-0015){ref-type="ref"} and retinopathy,[16](#jah32923-bib-0016){ref-type="ref"} in addition to noncardiovascular conditions, such as cancer.[11](#jah32923-bib-0011){ref-type="ref"}, [17](#jah32923-bib-0017){ref-type="ref"} Greater attainment of ideal cardiovascular health through midlife to late life is associated with both a lower prevalence of cardiovascular disease in late life and better cardiac structure and function in late life among people free of prevalent cardiovascular disease.[18](#jah32923-bib-0018){ref-type="ref"} However, the relationship between attainment of ideal cardiovascular health and valvular heart disease is unknown.

We sought to determine whether greater attainment of ideal cardiovascular health score (CVHS) in midlife to late life is associated with a lower prevalence of AV disease in late life. We relate the attainment of cardiovascular health metrics assessed serially over a 25‐year period in midlife to late life with late‐life AV function among 6034 participants in the ARIC (Atherosclerosis Risk in Communities) Study who underwent comprehensive echocardiographic evaluation of the AV at the fifth study visit (2011--2013).

Methods {#jah32923-sec-0009}
=======

The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. This analysis uses data from the National Heart, Lung, and Blood Institute--sponsored ARIC Study. ARIC Study data are available for distribution to outside researchers through the ARIC Study Limited Access Data set, according to established National Heart, Lung, and Blood Institute procedures and in accordance with National Institutes of Health policies.

Study Population {#jah32923-sec-0010}
----------------

The ARIC Study is a prospective community‐based cohort, whose objective and design have previously been described.[19](#jah32923-bib-0019){ref-type="ref"} Between 1987 and 1989, 15 792 individuals, aged 45 to 64 years, were enrolled in 4 communities in the United States: Forsyth County, North Carolina; Jackson, MS; suburban Minneapolis, MN; and Washington County, Maryland. The cohort participants underwent 4 study visits between 1987 and 1998. Between 2011 and 2013, 6538 participants (aged 67--91 years) returned for a fifth study visit that included questionnaires, laboratory testing, and a comprehensive echocardiographic examination. The study protocol was approved by institutional review boards at all field centers, and all participants provided written informed consent. For this study, we included 6034 participants with available echocardiographic measurements of AV function, no prior AV surgery as of visit 5 (n=32), and available serial data on ideal cardiovascular health metrics. We excluded participants with a bicuspid AV identified on echocardiography (n=11).

Ideal Cardiovascular Health Score {#jah32923-sec-0011}
---------------------------------

Ideal CVHS was determined, as previously described in detail.[3](#jah32923-bib-0003){ref-type="ref"} Briefly, total cholesterol, seated blood pressure after 5‐minute rest, body mass index (BMI), fasting glucose, physical activity, and smoking status were assessed at ARIC Study visits 1 to 5. The prevalence of missing values for each health metric at each visit is provided in Table [S1](#jah32923-sup-0001){ref-type="supplementary-material"}. All missing values were imputed to be intermediate status, except in the event in which status was known at both the visits immediately before and after the visit in question. If poor status was observed at both neighboring visits, then poor status was imputed at the missing visit. Similarly, if ideal status was observed at both neighboring visits, then ideal status was imputed at the missing visit. Physical activity was assessed at visit 1, 3, and 5, and missing values were extrapolated as the lowest value from the 2 adjacent visits. Information about diet was not included because of inadequate serial data. Each health metric was classified as ideal (2 points), intermediate (1 point), or poor (0 points) at each visit, as defined in Table [1](#jah32923-tbl-0001){ref-type="table-wrap"}. These points were summed from visits 1 through 5 and then divided by the maximum number of attainable points to quantify the percentage of ideal cardiovascular health attained through adult life.[18](#jah32923-bib-0018){ref-type="ref"} Missing values were imputed to be intermediate status, except if the values were known at both neighboring visits. In this case, the health score was extrapolated from those 2 visits. The 6034 participants were then grouped on the basis of percentage attained CVHS: \<50%, ≥50% to \<60%, ≥60% to \<70%, ≥70% to \<80%, and ≥80%.

###### 

Demographics of ARIC Study Participants at Visits 1 and 5 by Severity of AS

  Variable             AS Grade at Visit 5   Visit 1     Visit 5                                                                             
  -------------------- --------------------- ----------- ------------ ----------- ------------ ----------- ----------- ----------- --------- ---------
  Age, y               51.6±5.0              75.8±5.1    52.4±5.1     76.6±5.2    54.1±5.3     78.4±5.4    54.1±5.3    78.5±4.5    \<0.001   \<0.001
  Male sex             1967 (41.2)                       412 (42.9)               125 (48.6)               23 (54.8)               0.001     
  Black race           1085 (22.7)                       194 (20.2)               35 (13.6)                7 (16.7)                0.005     
  Field center                                                                                                                     \<0.001   
   Forsyth County      1158 (24.3)                       181 (18.9)               42 (16.3)                10 (23.8)                         
   Jackson             985 (20.6)                        176 (18.3)               32 (12.5)                7 (16.7)                          
   Minneapolis         1429 (29.9)                       263 (27.4)               91 (35.4)                13 (31)                           
   Washington County   1203 (25.2)                       194 (20.2)               92 (35.8)                12 (26.8)                         
  Cumulative CVHS      66.8±17.3             64.1±14.0   63.0±13.5    60.3±13.5   59.1±16.7    58.2±13.2   59.7±15.9   56.8±11.9   0.001     0.001

Data are given as mean±SD or number (percentage). ARIC indicates Atherosclerosis Risk in Communities; AS, aortic stenosis; and CVHS, cardiovascular health score.

Echocardiography {#jah32923-sec-0012}
----------------

Detailed methods for echocardiography at visit 5 of the ARIC Study have been previously published.[20](#jah32923-bib-0020){ref-type="ref"} All the examinations were performed by certified sonographers at the 4 field centers, using the uniform equipment (Philips iE33 Ultrasound systems) and in accordance with a standardized image acquisition protocol. This protocol included pulse‐wave Doppler assessment of the left ventricular outflow tract (LVOT), continuous‐wave Doppler assessment of flow velocities across the AV, and assessment of the AV and LVOT in the parasternal long‐ and short‐axis views. Analysts who were blinded to participant characteristics performed quantitative measures at a dedicated Echocardiography Reading Center. Any given measure was performed by the same analyst for all echocardiographic studies. Reproducibility metrics for key measures of cardiac structure and function have been previously published.[20](#jah32923-bib-0020){ref-type="ref"} Intrareader reproducibility of key AV measures was performed in 20 studies with the following results: AV peak velocity: coefficient of variation, 3%; correlation coefficient, 0.98; AV mean gradient: coefficient of variation, 7%; correlation coefficient, 0.97; LVOT diameter: coefficient of variation, 4%; correlation coefficient, 0.82; AV area (AVA): coefficient of variation, 9%; correlation coefficient, 0.82.

Classification of AV Disease {#jah32923-sec-0013}
----------------------------

AV disease was assessed at visit 5 and was based primarily on the peak AV velocity, concordant with the 2014 American Heart Association/American College of Cardiology valvular heart disease guidelines.[21](#jah32923-bib-0021){ref-type="ref"} AV disease was classified as follows: (1) normal: peak AV velocity, \<1.5 m/s; (2) sclerosis: peak AV velocity, ≥1.5 to \<2.0 m/s; (3) mild stenosis: peak AV velocity, ≥2.0 to \<3.0 m/s; (4) moderate or severe stenosis: peak AV velocity ≥3 m/s. In parallel analyses, AV disease was also classified on the basis of the AVA, calculated as π×(LVOT diameter/2)^2^×(LVOT Velocity Time Integral/AV Velocity Time Integral), as follows: (1) normal: peak AV velocity, \<1.5 m/s; (2) sclerosis: peak AV velocity, ≥1.5 to \<2.0 m/s; (3) mild stenosis: AVA, 1.5 to 2 cm^2^; (4) moderate or severe stenosis: AVA, \<1.5 cm^2^.

Statistical Analysis {#jah32923-sec-0014}
--------------------

Peak AV velocity and AVA were visually represented by frequency distributions and scatter plots with linear regression lines. Participant characteristics at visit 1 and visit 5, adjusted for age, race, sex, and field center, were displayed by AV disease classification. Tests for trend across AV categories were performed using multivariable linear regression for continuous variables and logistic regression for binary categorical variables. The same analyses were then repeated stratified for sex and race. The prevalence of each AV category was determined among participant categories on the basis of percentage attained CVHS (\<50%, 50%--60%, 60%--70%, 70%--80%, and \>80%). Odds ratios for AV sclerosis, mild stenosis, and moderate‐to‐severe stenosis associated with each CVHS category relative to the \<50% category were obtained from multivariable logistic regression models adjusting for age, sex, race, and field center. For AV sclerosis, participants with mild, moderate, and severe AS were excluded. For mild AS, participants with moderate and severe AS were excluded. We assessed the relationship between pattern of CVHS attainment through midlife to late life and AV disease in late life. As previously published,[18](#jah32923-bib-0018){ref-type="ref"} we identified trajectories of ideal cardiovascular health attainment through midlife to late life on the basis of CVHS at the 5 study visits using trajectory analysis[22](#jah32923-bib-0022){ref-type="ref"} with the use of the STATA macro TRAJ. We used the bayesian information criterion to decide the number of trajectories (2--5 trajectories assessed). We compared the prevalence of each AV category between the 5 identified trajectories in analyses adjusted for age, sex, race, and center. To determine the population attributable risk for AV dysfunction (sclerosis or stenosis) associated with low percentage attained CVHS (\<50%, \<60%, \<70%, or \<80%), we used the prevalence among cases and the odds ratio estimate to calculate the percentage population attributable risk using the following formulation[23](#jah32923-bib-0023){ref-type="ref"}: population attributable risk%=pd~*i*~×\[RR~*i*~−1/RR~*i*~\], where pd~*i*~ is the proportion of total cases in the population arising from the *i*th exposure category and RR~*i*~ is the adjusted risk ratio for the *i*th exposure category. A 2‐sided *P* value of \<0.05 was considered significant.

Results {#jah32923-sec-0015}
=======

Adequate quality echocardiograms were available in 6118 participants at ARIC Study visit 5. Of the 6034 participants in the analysis, the mean age was 52±5 years at visit 1 and 76±5 years at visit 5, 58% were women, and 22% were black (Table [1](#jah32923-tbl-0001){ref-type="table-wrap"}). By visit 5, the mean percentage attained CVHS was 63±14%. At visit 5, the mean AV peak velocity was 1.3±0.4 m/s (Figure [1](#jah32923-fig-0001){ref-type="fig"}) and the mean AVA was 2.4±0.5 cm^2^ (Figure [S1](#jah32923-sup-0001){ref-type="supplementary-material"}). AV disease was absent in 4775 (79%), whereas 960 (15.9%) had aortic sclerosis, 257 (4.3%) had mild stenosis, and 42 (0.7%) had moderate or severe stenosis.

![Distribution of aortic valve peak velocity among ARIC (Atherosclerosis Risk in Communities) Study participants at visit 5. Colors signify categories of aortic valve function: normal (green), aortic sclerosis (navy), mild stenosis (red), and moderate‐to‐severe stenosis (purple).](JAH3-7-e007234-g001){#jah32923-fig-0001}

AV Disease and Cardiovascular Risk Factors {#jah32923-sec-0016}
------------------------------------------

Worse AV disease category was associated with older age, male sex, and white race (Table [1](#jah32923-tbl-0001){ref-type="table-wrap"}). After adjusting for age, sex, race, and field center, worse AV disease category was associated with a higher prevalence of previous smoking, hypertension, and diabetes mellitus, higher BMI, higher glucose, and lower estimated glomerular filtration rate at visit 5 (Table [2](#jah32923-tbl-0002){ref-type="table-wrap"}). The prevalence of cardiovascular diseases, including atrial fibrillation, coronary disease, previous stroke, and heart failure, was also higher among worse AV disease categories. More advanced categories of AV disease also demonstrated higher circulating biomarkers of inflammation (high‐sensitivity C‐reactive protein), ventricular wall stress (NT‐proBNP \[N‐terminal pro‐B‐type natriuretic peptide\]), and myocardial injury (high‐sensitivity troponin T).

###### 

Clinical Characteristics of ARIC Study Participants at Visits 1 and 5 by Severity of AS

  Characteristics                      AS Grade at Visit 5   Visit 1             Visit 5                                                                                                                            
  ------------------------------------ --------------------- ------------------- ------------------- ------------------- ------------------- -------------------- ------------------- ------------------- --------- ---------
  Hypertension, %                      22 (21--23)           82 (81--83)         30 (27--32)         88 (86--90)         35 (29--41)         90 (86--94)          30 (17--43)         92 (84--100)        \<0.001   \<0.001
  Smoking (ever), %                    33 (32--34)           61 (60--62)         34 (31--37)         61 (58--64)         38 (33--44)         72 (67--78)          36 (22--50)         70 (56--84)         0.1       0.005
  Smoking (current), %                 18 (17--19)           6 (5--6)            17 (15--19)         6 (5--8)            21 (16--26)         6 (3--9)             24 (11--38)         10 (0--20)          0.39      0.44
  AF, %                                0.01 (0--0.03)        8 (7--9)            0.05 (0--0.1)       11 (9--13)          0                   12 (9--15)           0                   19 (9--21)          0.23      \<0.001
  Diabetes mellitus, %                 5 (4--6)              37 (35--38)         6 (4--7)            41 (38--44)         7 (4--10)           45 (39--51)          12 (2--21)          57 (43--72)         0.027     \<0.001
  eGFR, \<60 mL/min per 1.73 m^2^, %   1 (0.7--1)            28 (26--29)         1 (0.7--2)          31 (28--33)         1 (0--2)            31 (26--36)          4 (1--9)            41 (26--55)         0.09      0.009
  Coronary disease, %                  2 (1--2)              16 (15--17)         2 (1--2)            18 (16--20)         4 (2--6)            26 (23--32)          2 (0--6)            23 (12--35)         0.047     \<0.001
  Previous MI, %                       1 (1--2)              8 (7--8)            1 (0--2)            8 (6--9)            4 (1--6)            11 (7--14)           0                   8 (1--16)           0.098     0.18
  Previous stroke, %                   0.5 (0.3--0.7)        3 (3--4)            0.9 (0.3--2)        4 (3--6)            1 (0--3)            8 (5--11)            5 (0--11)           6 (1--12)           0.005     \<0.001
  Heart failure, %                     2 (2--2)              12 (11--13)         3 (2--4)            15 (13--18)         4 (1--7)            21 (16--26)          0                   33 (19--46)         0.027     \<0.001
  BMI, kg/m^2^                         26.7 (27--27)         28.3 (28--29)       28.2 (28--29)       30 (30--30)         28.5 (28--29)       30.2 (30--31)        29.2 (30--31)       30.1 (28--32)       \<0.001   \<0.001
  SBP, mm Hg                           116 (115--116)        130 (130--131)      119 (118--120)      131 (130--133)      120 (118--122)      127 (125--130)       124 (119--128)      131 (126--136)      \<0.001   0.77
  DBP, mm Hg                           73 (72--73)           67 (67--67)         74 (73--74)         66 (65--66)         74 (73--75)         63 (62--64)          74 (71--77)         62 (58--65)         \<0.001   \<0.001
  Heart rate, beats/min                66 (65--66)           63 (62--63)         65 (65--66)         62 (62--63)         66 (65--67)         63 (62--65)          65 (62--68)         62 (59--65)         0.87      0.75
  QRS duration, ms                     97 (96--97)           96 (95--97)         98 (97--99)         100 (98--101)       98 (96--99)         102 (99--104)        100 (97--103)       108 (102--114)      \<0.001   \<0.001
  Creatinine, mg/dL                    0.72 (0.71--072)      0.98 (0.97--0.99)   0.72 (0.71--0.72)   1 (0.98--1.03)      0.70 (0.68--0.71)   1.09 (1.04 --1.08)   0.73 (0.69--0.77)   1.10 (1.06--1.14)   0.15      \<0.001
  eGFR, mL/min per 1.73 m^2^           92 (93--93)           70 (69-- 70)        93 (92--94)         69 (68--70)         95 (93--96)         68 (66--70)          92 (88--96)         64 (59--69)         0.13      0.010
  LDL, mg/dL                           133 (131--134)        105 (104--106)      136 (134--139)      102 (100--104)      147 (142--152)      101 (97--105)        134 (123--145)      100 (89--110)       \<0.001   0.004
  HDL, mg/dL                           54 (53--54)           53 (52--53)         52 (51--53)         51 (50--52)         49 (47--51)         50 (49--52)          47 (42--51)         49 (45--53)         \<0.001   \<0.001
  Glucose, mg/dL                       101 (100--102)        113 (112--114)      102 (100--103)      115 (113--117)      102 (100--105)      117 (114--120)       104 (97--111)       123 (115--132)      0.09      \<0.001
  Hemoglobin A1c, %                                          5.94 (5.91--5.96)                       5.94 (5.89--6.00)                       6.04 (5.94--6.14)                        6.1 (5.85--6.36)              0.07
  hs‐CRP, mg/L                                               3.9 (3.6--4.1)                          5.1 (4.6--5.6)                          4.5 (3.6--5.5)                           5 (2.6--7.6)                  \<0.001
  NT‐proBNP, ng/L                                            280 (258--303)                          303 (252--353)                          457 (349--545)                           1240 (998--1481)              \<0.001
  HS troponin T, ng/L                                        1.4 (1.3--1.4)                          1.5 (1.4--1.6)                          1.8 (1.6--2.0)                           2.3 (1.9--2.8)                \<0.001

Data are given as means and values in parentheses are 95% confidence intervals. Values and *P* values for trend are adjusted for age, race, sex, and field center. AF indicates atrial fibrillation; ARIC, Atherosclerosis Risk in Communities; AS, aortic stenosis; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, high‐density lipoprotein; HS troponin T, high‐sensitivity troponin T; hs‐CRP, high‐sensitivity C‐reactive protein; LDL, low‐density lipoprotein; MI, myocardial infarction; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide; and SBP, systolic blood pressure.

Categories of Percentage Attained CVHS and Severity of AS {#jah32923-sec-0017}
---------------------------------------------------------

Significant associations of modest magnitude were observed between percentage attained CVHS and both peak AV velocity and AVA (Figure [2](#jah32923-fig-0002){ref-type="fig"}). The percentage attained CVHS was \<50% in 17% of participants, 50% to 60% in 23%, 60% to 70% in 30%, 70% to 80% in 16%, and \>80% in 14%. Worse category of percentage attained CVHS was associated with a higher prevalence of aortic sclerosis and stenosis after adjusting for age, sex, and race (Figure [3](#jah32923-fig-0003){ref-type="fig"}, Table [S2](#jah32923-sup-0001){ref-type="supplementary-material"}). Comparing participants in the lowest (\<50%) with those in the highest (\>80%) group of percentage attained CVHS, aortic sclerosis was present in 22% and 11%, respectively (odds ratio, 0.40 \[95% confidence interval, 0.30--0.53\]; *P*\<0.001; *P*\<0.001 for trend across categories), mild stenosis in 7.2% and 2.3%, respectively (odds ratio, 0.30 \[95% confidence interval, 0.18--0.50\]; *P*\<0.001; *P*\<0.001 for trend), and moderate or severe stenosis in 1.2% and 0.2%, respectively (odd ratio, 0.19 \[95% confidence interval, 0.04--0.89\]; *P*=0.035; *P*=0.001 for trend) (Table [3](#jah32923-tbl-0003){ref-type="table-wrap"}). Similar associations were noted when defining AV disease on the basis of the AVA as opposed to the AV peak velocity (Figure [S2](#jah32923-sup-0001){ref-type="supplementary-material"}). In addition, similar associations were noted in a sensitivity analysis including 3287 participants free of atrial fibrillation, heart failure, coronary artery disease, stroke, or an estimated glomerular filtration rate \<60 mL/min per 1.73 m^2^ (Figures [S3](#jah32923-sup-0001){ref-type="supplementary-material"} and [S4](#jah32923-sup-0001){ref-type="supplementary-material"}). The population attributable fraction of AV dysfunction (sclerosis and stenosis) was 8.2% for a percentage attained CVHS \<50%, 18.1% for a percentage attained CVHS \<60%, 31.4% for a percentage attained CVHS \<70%, and 33.6% for a percentage attained CVHS \<80%, suggesting that one third of all AV sclerosis and stenosis would not occur if the percentage attained CVHS by late life were uniformly ≥80% (Figure S5). Similar findings were observed when using the percentage attained CVHS through visit 4 to predict AV dysfunction at visit 5 (Figure S6).

![Continuous relationship between percentage attained cardiovascular health score (CVHS) from midlife to late life and late life aortic valve peak velocity (A) and aortic valve area (AVA; B). BSA indicates body surface area.](JAH3-7-e007234-g002){#jah32923-fig-0002}

![Relationship between categories on the basis of attained cardiovascular health score (CVHS) in midlife through late life and presence of aortic valve dysfunction in late life. A, Prevalence of aortic sclerosis, mild stenosis, and moderate‐to‐severe stenosis in late life (visit 5) among categories on the basis of percentage attained CVHS from midlife to late life (visits 1 through 5). B, Odds of aortic sclerosis, mild stenosis, and moderate‐to‐severe stenosis in late life (visit 5) among categories of percentage attained CVHS relative to the lowest category of attained CVHS (\<50%). *P* for trend across categories is adjusted for age, sex, race, and field center. Odds ratios are adjusted for age, sex, race, and field center.](JAH3-7-e007234-g003){#jah32923-fig-0003}

###### 

Prevalence and Odds of AV Dysfunction (Sclerosis, Mild Stenosis, or Moderate‐to‐Severe Stenosis) Associated With Each Component Metric of the CVHS

  Metric              \<50%               ≥50% to \<60%   ≥60% to \<70%        ≥70% to \<80%        ≥80%                *P* Value for Trend                                                                                     
  ------------------- ------------------- --------------- -------------------- -------------------- ------------------- --------------------- ------------------- --------------------- ------------------- ------------------- ---------
  Smoking status      21.3 (18.4--24.2    Reference       21.9 (12.8--30.9)    0.96 (0.54--1.7)     21.2 (15.1--27.4)   0.86 (57 --1.32)      20.8 (14.7--27)     0.85 (0.56--1.31)     20.8 (19.6--21.9)   0.87 (0.72--1.06)   0.17
  BMI                 25.9 (24.2--27.7)   Reference       21.2 (18.7--23.8)    0.81 (0.67--0.92)    18.9 (15.5--22.4)   0.70 (0.55--0.89)     17.5 (13.6--21.5)   0.66 (0.49--0.89)     14.8 (13.1--16.5)   0.55 (0.46--0.66)   \<0.001
  Physical activity   22.3 (20.5--24.1)   Reference       22 (19.2 --24.7)     1.03 (0.85--1.25)    19.8 (16.7--23)     0.92 (0.74--1.16)     19.9 (17--22.8)     0.95 (0.77--1.18)     19.2 (17.3--21.2)   1.01 (0.85--1.20)   0.83
  Total cholesterol   23.8 (21.8--25.8)   Reference       18.8 (16.1 --21.4)   0.73 (0.60--0.91)    21.2 (18.1--24.2)   0.87 (0.70--1.09)     19.9 (16.8--22.9)   0.80 (0.64--1.02)     19.4 (17.8--21.1)   0.81 (0.69--0.95)   0.031
  Blood pressure      26.2 (24.1--28.3)   Reference       23.2 (20.5--25.8)    0.82 (0.68 --0.99)   23.1 (19.9--26.4)   0.88 (0.71--1.10)     18.3 (15.5--21.1)   0.67 (0.53--0.83)     14.8 (13.2--16.4)   0.54 (0.45--0.65)   \<0.001
  Fasting glucose     25.3 (22.6--28)     Reference       23.4 (20.5--26.3)    0.96 (0.77--1.20)    21.3 (18.5--24.2)   0.89 (0.71--1.12)     21.1 (18.4--23.9)   0.92 (0.74--0.1.16)   18.2 (16.7--19.7)   0.89 (0.74--1.08)   0.27

Age, sex, and race‐adjusted prevalences are given as means and values in parentheses are 95% confidence intervals. The *P* value for trend is calculated from a logistic regression model with CVHS category as the primary exposure variable and adjusted for age, sex, race, and percentage attainment of each of the other health metrics. Logistic regression models used to calculate the OR associated with each CVHS category adjusted for age, sex, race, and percentage attainment of each of the other health metrics. AV indicates aortic valve; BMI, body mass index; CI, confidence interval; CVHS, cardiovascular health score; and OR, odds ratio.

Percentage attained CVHS and age had additive effects on the likelihood of having AV disease (Figure [4](#jah32923-fig-0004){ref-type="fig"}A and [4](#jah32923-fig-0004){ref-type="fig"}B, respectively). For example, participants \<75 years of age with a mean age of 72 years and \<50% attained CVHS demonstrated similar prevalences of AV peak velocity \>1.5 and \>2.0 m/s as participants \>80 years of age with a mean age of 83 years with \>80% attained CVHS (24.5% and 19.8%, respectively, for AV peak velocity \>1.5 m/s \[*P*=0.20\]; 6.2% and 4.9%, respectively, for AV peak velocity \>1.5 m/s \[*P*=0.60\]). For each health metric, with the exception of smoking, greater percentage achieved ideal status was significantly associated with a lower prevalence of AV dysfunction (sclerosis and mild and moderate stenosis) in models adjusted for age, sex, and race. After further adjusting for all other health metrics, greater percentage achieved ideal status for BMI, blood pressure, and total cholesterol, each remained significantly associated with a lower prevalence of AV dysfunction (Table [3](#jah32923-tbl-0003){ref-type="table-wrap"}, Tables [S3](#jah32923-sup-0001){ref-type="supplementary-material"} through [S5](#jah32923-sup-0001){ref-type="supplementary-material"}).

![Prevalence of late‐life (visit 5) aortic valve (AV) peak velocity over 1.5 m/s (A) and 2.0 m/s (B), on the basis of category of percentage attained cardiovascular health score through midlife to late life (from visits 1 through 5) and participant age at visit 5.](JAH3-7-e007234-g004){#jah32923-fig-0004}

Trajectories of CVHS from midlife to late life were also significantly related to the prevalence of AV dysfunction in late life (Figure [5](#jah32923-fig-0005){ref-type="fig"}). Five CVHS trajectories have been previously defined,[18](#jah32923-bib-0018){ref-type="ref"} with trajectories 1 through 4 demonstrating progressively lower baseline CVHS, and each characterized by a decline in CVHS over time (Figure [5](#jah32923-fig-0005){ref-type="fig"}A). As expected, the prevalence of aortic sclerosis and stenosis was lowest in trajectory 1 and increased progressively to the highest levels in trajectory 4 (Figure [5](#jah32923-fig-0005){ref-type="fig"}B). Trajectory 5 began with a low CVHS, similar to trajectory 3, but demonstrated improvement in score over time, with a CVHS similar to trajectory 2 at visit 5 (Figure [5](#jah32923-fig-0005){ref-type="fig"}A). Although the prevalence of aortic sclerosis in trajectory 5 was similar to that of trajectory 3, the prevalence of AS more closely approximated that of trajectory 2 (Figure [5](#jah32923-fig-0005){ref-type="fig"}B).

![Trajectories of cardiovascular health score (CVHS) and aortic valve dysfunction. A, Trajectories of percentage cumulative CVHS in the ARIC (Atherosclerosis Risk in Communities) Study. Percentages in the figure legend refer to population prevalence. B, Prevalence of aortic sclerosis and mild or greater stenosis by trajectory of CVHS. Prevalence estimates and *P* values are adjusted for age, sex, race, and field center. NS indicates not significant. Reprinted from Shah et al[18](#jah32923-bib-0018){ref-type="ref"} with permission. Copyright© 2015, American Heart Association, Inc.](JAH3-7-e007234-g005){#jah32923-fig-0005}

Influence of Race and Sex {#jah32923-sec-0018}
-------------------------

Male participants demonstrated a higher prevalence of aortic sclerosis and stenosis compared with female participants (22.2% versus 19.9%; *P*=0.036), but sex did not modify the relationship between percentage attained CVHS and AS grade (Table [S6](#jah32923-sup-0001){ref-type="supplementary-material"}, Figures [S7](#jah32923-sup-0001){ref-type="supplementary-material"}A and [S8](#jah32923-sup-0001){ref-type="supplementary-material"}A; *P*=0.13, 0.07, and 0.28 for sclerosis, mild, and moderate to severe stenosis, respectively, for interaction). Black participants tended to have a lower prevalence of AV disease than white participants. Again, no effect modification by race was observed on the association between percentage attained CVHS and AS grade (Table [S7](#jah32923-sup-0001){ref-type="supplementary-material"}, Figures [S7](#jah32923-sup-0001){ref-type="supplementary-material"}B and [S8](#jah32923-sup-0001){ref-type="supplementary-material"}B; *P*=0.9, 0.2, and 0.21 for sclerosis, mild, and moderate to severe stenosis, respectively, for interaction). In addition, no interaction of sex and race was found by basing the analysis on the calculated AVA (Tables [S8](#jah32923-sup-0001){ref-type="supplementary-material"} and [S9](#jah32923-sup-0001){ref-type="supplementary-material"}).

Discussion {#jah32923-sec-0019}
==========

This study is one of the first, to our knowledge, to examine the relationship of attainment of ideal cardiovascular health metrics through adult life, as summarized in the CVHS, with the prevalence and severity of AS in a large cohort of older adults from the general population. A unique strength of this analysis is the use of quantitative echocardiographic data of AV function. This allowed us to determine the association of CVHS with not only moderate and severe AS, but also lesser degrees of AV dysfunction, including sclerosis and mild stenosis. Greater attainment of ideal cardiovascular health in midlife to late life was associated with a lower prevalence of aortic sclerosis and stenosis in late life. This association was not modified by sex or race.

Moderate or severe valvular heart disease affects ≈2.5% of the US population and increases in prevalence with age to nearly 12% of people ≥75 years old.[24](#jah32923-bib-0024){ref-type="ref"} With the growing elderly population, the prevalence is expected to increase further. Indeed, recent projections from The OxVALVE population cohort study[25](#jah32923-bib-0025){ref-type="ref"} suggest that the number of elderly people with moderate or severe valvular heart disease in the United Kingdom alone will more than double by 2056, from 1.5 to 3.3 million people. AS is the most prevalent valvular disease among older adults in the United States, many of whom are asymptomatic but have a heightened risk of mortality and rapid disease progression.[26](#jah32923-bib-0026){ref-type="ref"}, [27](#jah32923-bib-0027){ref-type="ref"} Our estimate of the prevalence of aortic sclerosis or stenosis of 20.9% is similar to other cohorts in elderly individuals.[28](#jah32923-bib-0028){ref-type="ref"} More important, both sclerosis and stenosis in elderly individuals have been associated with greater risk of mortality and incident cardiovascular events.[4](#jah32923-bib-0004){ref-type="ref"}

Multiple studies support the presence of shared pathologic pathways between calcific AV disease and atherosclerosis.[29](#jah32923-bib-0029){ref-type="ref"} Calcific AV disease and atherosclerosis share common risk factors, such as age, smoking, hypertension, hypercholesterolemia, diabetes mellitus, and metabolic syndrome.[1](#jah32923-bib-0001){ref-type="ref"}, [30](#jah32923-bib-0030){ref-type="ref"}, [31](#jah32923-bib-0031){ref-type="ref"} The presence of AV calcification is associated with coronary disease reflected in coronary artery calcification.[32](#jah32923-bib-0032){ref-type="ref"} Smoking, higher BMI, higher low‐density lipoprotein cholesterol levels, and the rate of progression in coronary artery calcification all predict the development of AV calcification.[32](#jah32923-bib-0032){ref-type="ref"} Traditional cardiovascular risk assessed in midlife predicts the presence and extent of AV calcification by cardiac computed tomography 3 decades later.[33](#jah32923-bib-0033){ref-type="ref"} These cardiovascular risk factors also predict the progression of calcific AV disease and the prevalence of AS.[1](#jah32923-bib-0001){ref-type="ref"}, [34](#jah32923-bib-0034){ref-type="ref"} Recently, results from the CANHEART (Cardiovascular Health in Ambulatory Care Research Team) study from 1.12 million individuals showed that cardiovascular risk factors, including hypertension, diabetes mellitus, and dyslipidemia, were associated with incident severe AS, with a dose‐response relationship noted between risk factors in incidence of severe AS.[35](#jah32923-bib-0035){ref-type="ref"} Our findings of association between worse AV disease with higher BMI, hypertension, diabetes mellitus, prior smoking, and prevalent coronary heart disease are concordant with these data, extending these findings to AV dysfunction of lesser severity, before clinical intervention is warranted. However, although the association between traditional cardiovascular risk factors and AV calcification, hemodynamic obstruction, and severe stenosis is well described, few studies have addressed the implications of achieving specific targets for cardiovascular health factors and behaviors. The CVHS integrates information about the extent to which optimal targets for key health behaviors and factors associated with atherosclerotic risk are achieved.

Beyond risk of cardiovascular disease, worse CVHS has been associated with higher circulating levels of biomarkers of inflammation, endothelial dysfunction, and neurohormonal activation,[18](#jah32923-bib-0018){ref-type="ref"}, [36](#jah32923-bib-0036){ref-type="ref"}, [37](#jah32923-bib-0037){ref-type="ref"}, [38](#jah32923-bib-0038){ref-type="ref"}, [39](#jah32923-bib-0039){ref-type="ref"} pathways that have also been implicated in the development and progression of AV sclerosis and calcification.[8](#jah32923-bib-0008){ref-type="ref"}, [40](#jah32923-bib-0040){ref-type="ref"}, [41](#jah32923-bib-0041){ref-type="ref"} Lipoproteins and inflammatory cells, such as macrophages and T cells,[42](#jah32923-bib-0042){ref-type="ref"} have been identified in early AV lesions,[43](#jah32923-bib-0043){ref-type="ref"} and inflammatory activity, visualized by positron emission tomography imaging, has been documented in patients with even mild stenosis.[44](#jah32923-bib-0044){ref-type="ref"} This lipid deposition has also been associated with increased angiotensin‐converting enzyme activity in the valve, with profibrotic effects.[45](#jah32923-bib-0045){ref-type="ref"} Furthermore, valvular interstitial cells can exhibit osteoblast‐like activity, thus leading to calcific deposition and valvular calcification over time.[46](#jah32923-bib-0046){ref-type="ref"} This process of lipid deposition, inflammation, and calcification results in a dynamic lifelong remodeling process,[47](#jah32923-bib-0047){ref-type="ref"} which motivates the hypothesis that it is amenable to influence by improving cardiovascular health risk factors.

Our finding that better achievement of ideal cardiovascular health metrics through midlife to late life predicts a lower prevalence of AS and sclerosis in late life is particularly relevant given the growing public health burden of AS related to the aging population. The emerging importance of AV stenosis at the population level is highlighted by a recent meta‐analysis and simulation study that estimated that 290 000 people \>75 years of age in Europe and North America are candidates for transcatheter AV replacement, with 27 000 new candidates annually.[48](#jah32923-bib-0048){ref-type="ref"} These findings argue forcefully for efforts to prevent progression of AV disease to hemodynamic significance in elderly individuals. Although several studies suggested potential for treatment with hydroxymethylglutaryl--coenzyme A reductase inhibitors (statins) in this regard,[49](#jah32923-bib-0049){ref-type="ref"}, [50](#jah32923-bib-0050){ref-type="ref"} randomized clinical trials have failed to demonstrate efficacy of statin therapy to delay disease progression, assessed by either AV peak velocity or clinical outcomes, among people with mild‐to‐moderate AS. One potential explanation for the negative findings in these studies is the relatively advanced stage of disease process at the time of intervention. However, given the long time period over which calcific AV disease develops and the relatively low incidence of significant stenosis, a primary prevention intervention trial is likely not feasible. Indeed, there is no medical therapy available for primary or secondary prevention of calcific AV disease or AS.[21](#jah32923-bib-0021){ref-type="ref"} More important, in our analysis, AV disease prevalence was associated with CVHS assessed over ≈25 years. Our findings suggest that up to 31% of AV dysfunction (sclerosis or stenosis) could be prevented if the percentage attained CVHS through midlife to late life were uniformly \>70%. Furthermore, our analysis of the relationship between trajectories of CVHS through midlife to late life and late life AV dysfunction demonstrate that worse CVHS trajectory is associated with a greater prevalence of AV dysfunction. More important, we also found that improvement in CVHS through midlife to late life (trajectory 5) was associated with a late‐life prevalence of aortic sclerosis similar to people with similar baseline CVHS who continued to decline (trajectory 3) but a significantly lower prevalence of AS, which more closely approximated the prevalence of AS in participants with a higher CVHS through most of midlife to late life (trajectory 2). These findings suggest that, although midlife CVHS is associated with progressive valve dysfunction, improvement in CVHS through late life may predict a lower prevalence of stenosis in late life. Although these findings are observational, they suggest that consistent attainment of ideal cardiovascular health metrics through midlife to late life has the potential to significantly affect the prevalence of calcific AV disease in late life, extending the importance of ideal cardiovascular health metrics to the primary prevention of AV disease.

Several limitations of this study should be considered. This was an observational cohort study and, therefore, causality cannot be established. However, we believe these observational data are particularly informative because clinical trial data on the relationship between lifetime attainment of cardiovascular health goals and late‐life valvular disease are unlikely to be forthcoming because of both ethical considerations and feasibility. In addition, the relatively few participants with moderate or severe AS limits the precision of these prevalence estimates. Missing data for cardiovascular health metrics at each visit were uncommon, but were imputed from adjacent visits, which could have resulted in misclassification of CVHS.

Because serial data on diet were not available, ideal diet was not considered in determining the CVHS, although it is included in the ideal cardiovascular health metrics, as defined by the American College of Cardiology/American Heart Association. Survivor bias may influence the observed associations, because 32% of ARIC Study participants had died by the time of visit 5. In addition, of participants alive at the start of visit 5, 38% declined to participate, possibly resulting in selection bias. However, sensitivity analyses using inverse probability attrition weighting for visit 5 nonattendance showed consistent results in the association between CVHS category and the prevalence of AS (Figure [S9](#jah32923-sup-0001){ref-type="supplementary-material"}, Table [S10](#jah32923-sup-0001){ref-type="supplementary-material"}). AV disease was assessed by echocardiography in this analysis, using definitions that are concordant with the American College of Cardiology/American Heart Association.[21](#jah32923-bib-0021){ref-type="ref"} Direct quantification of AV calcification (eg, by use of cardiac computed tomography) was not available.

Conclusions {#jah32923-sec-0020}
===========

Greater attainment of ideal cardiovascular health in midlife to late life is associated with a lower prevalence of aortic sclerosis and stenosis in late life in a large elderly cohort from the general population. These findings extend the importance of attaining ideal cardiovascular health metrics to the primary prevention of AV disease.
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